The thermal behaviour of polymer layered silicate nanocomposite were characterised to compare the improvement of the nanocomposite with the pristine polymer. It is known that pristine polymers have some weakness in its thermal properties especially biodegradable polymers. The approach of making the nanocomposite out of modified layered silicate and biodegradable polymer is to enhance the thermal behaviour of the biodegradable polymer. The nanocomposites were produced by solution method technique using dichloromethane as a solvent and the two types of nanoclay were used. One was modified with transition metal ion and another type of nanoclay is pristine nanoclay. Wide angle X-ray diffraction (XRD) was used to characterise the structure of the nanoclay after the modification and the type of nanocomposite obtained. Melting temperature and degradation temperature of the nanocomposite were obtained by using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) respectively. Decrease in both thermal degradation temperature and melting temperature of the nanocomposites were observed
Introduction
Polymer nanocomposite has become the topic that is most discussed nowadays and has a common interest for educational purpose or even in industrial communities as regards to improving mechanical and thermal properties compared to pure polymer counterparts [1] . Polymer nanocomposite is a polymer consist of nanoparticle dispersed in the polymer matrix having better properties than pristine polymer [2] . The nanocomposite often shows some promising improvement in properties such as an increase in thermal resistance [4] and reduced permeability [5] . Over the past decade, there has been a sustained academic and research interests on degradable polymer to eliminate solid waste disposal problems and to create alternative resources beside the petroleumbased polymer. In this study, polylactic acid (PLA) was used because it is biodegradable and has some weaknesses in terms of its thermal properties and mechanical properties [3] . In order to ensure the compatibility of the filler and the polymer, a modification has been made to the pristine nanoclay by using transition metal ion through ion exchange reaction. The modification also influenced the type of the nanocomposites produced due to the change of its structure after the modification leading to the formation of exfoliated nancomposite. One of the causes that encourage the enhancements to the materials are believed to be the morphological structure of the nanocomposite [4] . There are three types of polymer layered silicate nanocomposite that may thermodynamically form, those are called Intercalated nanocomposite, flocculated nanocomposite, and exfoliated nanocomposite [5] . The most preferable type for PLS nanocomposite is exfoliated nanocomposite because the crystal structure of the nanoclay has uniformly delaminated into the polymer matrix causing the properties enhancement. The solution method has been used to form the nanocomposite avoiding any heat usage in the process as it will affect the degradation temperature of the nanocomposite [6] . In this article, a novel strategy to produce PLA modified clay nanocomposite by ion exchange method was be discussed and the attendance of modified clay is expected to further expand the d-spacing of clay gallery, which benefit to exfoliated nanocomposites structure. The correlation between structure and thermal performance of PLA modified clay nanocomposites were studied and highlighted in this work.
Methods of experiment
Sodium montmorillonite (MMT) known as Cloisite® Na + having cation exchange capacity value of 0.93 meq/g was bought from Southern Clay Products (Rockwood Additives Ltd.). Polylactic acid was supplied by NatureWorks LLC, USA and all of the chemicals used in the experiment was obtained from Fisher Scientific (M) Sdn. Bhd.. Before the modification process takes place, the sample must undergo a washing process by placing 10 g of pristine nanoclay into 200 ml methanol and was stirred with the speed of 1000 RPM for 24 hours. The slurry was then poured into 1 M NaCl solution for 48 hours and then the solution was vacuum filtered and dried for 12 hours at 80˚C. The dried washed sample was placed in 0.3M of Copper (II) Chloride (CuCl 2 ) solution using methanol as a solvent and stirred vigorously for the modification process to take place in a closed container for 36 hours [7] . After the process, the solution was vacuum filtered, washed and dried for 12 hours at 80˚C. The modified nanoclay was then ground, sieved and tested for the change of the lattice spacing by using XRD [8] . The modified and pristine nanoclay was used to form nanocomposite by using dichloromethane as a solution for the solution method [9] . The PLA/nanoclay nanocomposite films were prepared with clay loading of 0.3%, 0.5%, 0.7%, and 1%. The total mass of 0.4 g nanoclay and PLA were put into a conical flask together with 25 ml of dichloromethane and stirred for 24 hours before the solution was poured into a petri dish and let it dry in a fume hood for 24 hours [10] . The formed nanocomposites are then tested for the thermal properties by using DSC and TGA. The XRD used in this study is Rigaku Miniflex, using Cu/30kv/15mA at the spectrum range of 2θ = 0 to 20˚ with the duration time or scan speed of 1 degree/min. The type of DSC that is used for this study is TA Instrument DSC/Q1000 under nitrogen gas at the heating rate of 10˚C/ min while the type of TGA used in this study is Mettler Toledo TGA/DSC 1, under nitrogen and the heating rate of 5˚C/min. The method to determine the degradation temperature for the nanocomposite is shown in the plotted chart as offset temperature where the mass of the tested sample starts to degrade.
Results and Discussion
The d-spacing value of the modified nanoclay by using transition metal ion and unmodified nanoclay were shown in Fig. 1 . The value of the d-spacing for the modified nanoclay has increased from 10.81Å to 14.74Å proving that the modification process is successful. Although the increase of inter gallery spacing in modified nanoclay is considered to be small, it is by far the best of its kind which is transition metal ion surface modification [7] . The reaction that takes place during the modification process is ion exchange reaction. The positive layer charge mainly Na + ions located in the interlayer space of the nanoclay was replaced or substituted by other cations or cationic surfactants [11] . The data recorded for the characterization of the melting temperature is shown in Fig. 2 as DSC thermogram. By comparing the thermogram shown in Fig.2 , adding either unmodified or modified clay does not give any significant change to the melting temperature of the nanocomposite. The summarized result provided by table 1 shows the melting point of the nanocomposites tested was around 167.74 ± 0.42˚C. Therefore the argument of using nanofiller to improve the melting temperature of the nanocomposite has been proven of the disadvantages by having nanoclay as filler that will result on decreasing of melting temperature for the nanocomposite, compared to the pristine PLA. This results are majorly related to the plasticising effect of the clay surfactant and the uncompatibility of the nanoclay with polylactic acid [12] . The result from Fig. 3 confirmed that by using unmodified clay as filler for PLA nanocomposite, the thermal degradation temperature has increased compared to the degradation temperature of pristine PLA even though the increase is considered to be small that is about 6˚C, different from the speculations stated that thermally improved nanocomposite were produced from modified layered silicate. In this study, it has been confirmed that the degradation temperature of nanocomposites developed from the modified nanoclay are decreased. By comparison, the change of the degradation temperature between modified layered silicate nanocomposite and pristine layered silicate nanocomposite is very significant at about 40˚C. This kind of unusual results occurred due to the organic modifier that is most likely to be the reason for the situation that would speed up the process of PLA thermal decomposition [13] . Some author has stated that the acceleration of the thermal decomposition process happens because of the nanocomposite's poor morphology. Having a lot of aggregation of nanoclay in the nanocomposite will result to form a nanocomposite with weaker properties [14] . This situation could lead to the acceleratation of thermal decomposition of PLA and the aggregation of clay plates forming a microcomposite rather than a nanocomposite.
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Frontiers in Materials and Minerals Engineering The result in the Fig. 4 illustrates that a, b, c and d are having the most demanding type of nanocomposite [14] . The XRD result interprets that the type of all of the formed nanocomposites are exfoliated. But ironically, the thermal properties for the nanocomposite are decreased instead. 
Conclusions
The results show the increase of the lattice spacing of the nanoclay which lead to the exfoliation of the nanocomposite morphological structure. But even though the produced nanocomposite possess the greatest morphological state, its thermal properties in terms of its melting temperature and degradation temperature of the modified nanoclay nanocomposite did not Advanced Materials Research Vol. 858have any increase in the value of its thermal degradation and melting temperature. These results are most probably obtained because of the degradation of the surfactants which are generally the decomposition temperature is below the degradation temperature of polymers.
